Abstract -Ovarian development was studied in workers of Bombus terrestris under four different treatments, which produced different levels of ovarian development. Psythirus females of both specific (P. vestalis) and non-specific (P. bohemicus, which is the specific parasite of B. lucorum) species were able to inhibit worker ovarian development and to reproduce in B. terrestris colonies. The effect of P. vestalis females on ovarian development of workers was statistically not different from the effect of B. terrestris queens (positive control) and significantly different from ovarian development inhibition measured in groups of workers alone (negative control). Ovarian development inhibition by P. bohemicus was not statistically different both from the positive and the negative control, indicating that this non-specific parasite is able to affect the ovarian development of workers, but not to the same extent as the queens of the same species or the females of the specific parasite.
INTRODUCTION
Suppression of worker ovarian development in the presence of a dominant fecund female is characteristic of social insects (Wilson, 1971; Michener, 1974) . In primitive social insects overt aggressive dominance interactions are the main mechanisms involved in ovarian suppression (Fletcher and Ross, 1985) . In advanced eusocial insects ovarian development inhibition is accomplished by a combination of behavioral and chemical mechanisms. Colony development in Bombus terrestris (L.) is characterized by two social phases. During the initial phase the queen is the only reproductive female, and ovarian development in young workers and oviposition in older ones with mature eggs are inhibited by behavioral and pheromonal mechanisms (Honk et al., 1980) . The second, or "competition" phase is characterized by reproduction of workers and by antagonistic interactions among workers and between workers and the queen. During this phase workers are the major factor inhibiting the reproductive development of their nestmates (Doorn and Heringa, 1986; Ratnieks and Visscher, 1989; Bloch and Hefetz, 1999; Bloch and Hefetz, 564 C.H. Vergara et al. 1999a; Bloch et al., 2000) . When groups of newly emerged workers are maintained in a queenless state, one or two of them start to develop their ovaries after the third day and ovarian development is significantly higher by day 6 (Bloch et al., 1996) .
Cuckoo bumblebees, Psithyrus, are obligate social parasites in the nests of many Bombus species. Psythirus vestalis (Geoffroy) exclusively parasitizes colonies of B. terrestris and Psythirus bohemicus (Seidl) is the parasite of Bombus lucorum (L.) colonies. All the Psythirus species lack pollen collecting structures and rely on the host workers for the rearing of their own offspring. Ovarian suppression of host workers by cuckoo bumblebees has only been studied in two American species. Psithyrus ashtoni Cresson females invade colonies of Bombus affinis Cresson and Bombus terricola (Kirby), coexist with the foundress queen and seem unable to control the ovarian development of workers (Fisher, 1983) . Females of Psithyrus citrinus Sm. invade Bombus impatiens Cresson and Bombus vagans Cresson colonies, displace or kill the queen, and may be able to suppress worker ovarian development (Fisher, 1984) .
The present study examines the effectiveness of B. terrestris queens and P. vestalis and P. bohemicus females in influencing ovarian development in B. terrestris workers and compares such ability between specific (P. vestalis on B. terrestris workers) and non-specific (P. bohemicus on B. terrestris workers) social parasites. To obtain the information presented here, groups of six workers were subjected to different treatments, which produced different levels of ovarian development. The cuckoo bumblebees were able to suppress ovarian development in the workers studied, and were able to reproduce in the experimental colonies used.
MATERIALS AND METHODS

Hosts and parasites
Colonies of B. terrestris were reared in the laboratory (Gretenkord, 1996) from queens captured in the field between February and April 2001, while they were searching for nesting places. Females of Psithyrus vestalis and Psithyrus bohemicus were also captured in the field during the same period. For each experiment, newly built wooden boxes were used to rear the colonies and to keep the Psithyrus females or the queenless groups of workers. At the end of each experiment the box was discarded.
Prior to the experiments, the Psythirus females were kept in boxes with brood from a B. terrestris colony chosen at random and groups of newly emerged B. terrestris workers, until they clearly showed dominant behavior (i.e. overt aggression towards the introduced B. terrestris workers, positioning themselves on top of the workers and holding them with the legs for a variable period of time) and the possibility of disruption of reproduction by nematodes or other parasites could be ruled out. For the same reasons, only Bombus queens that had successfully started a colony were used for the experiments.
The taxonomic identity of all Bombus queens and Psithyrus females was established on the living individuals prior to the experiments and was confirmed after the queens or the parasites had died naturally. Also, male offspring from all females were obtained and used to confirm the identity of the queens and parasites used for the experiments.
Experimental design
Groups of six newly emerged or "callow" (less than 12 hours old) B. terrestris workers were obtained at random from different colonies. The workers were individually marked with numbered plastic tags (Opalith  Plättchen) and introduced in wooden boxes where they were fed API-Invert  (72.7% inverted sugar solution) ad libitum and a mixture of pollen and API-Invert  as solid food every 48-72 hours.
Each group of workers was subjected to one of the four different treatments described below. Each treatment was replicated six times, except for treatment 2, of which five replications were performed. Treatment 1. B. terrestris queen (positive control) Four queens were used (two once, two twice).
Prior to the experiments all adult workers (8-10 workers) were removed and the six newly emerged workers were put into the box, with the queen and her brood. This treatment is considered as a positive control, since maximal ovarian activity suppression is occurring under these conditions (Duchateau and Velthuis, 1989) . Treatment 2. P. vestalis female Four different females were used (three once, one twice). The six workers were put with the P. vestalis female and brood chosen at random from B. terrestris colonies. Treatment 3. P. bohemicus female Four females were used (two once, two twice). The six newly emerged workers were put with the P. bohemicus female and brood chosen at random from B. terrestris colonies. Treatment 4. Group of workers alone Each group of six newly emerged workers was put in a box with brood of different ages, chosen at random from one B. terrestris colony. This treatment is considered as a negative control, because workers kept queenless can have mature eggs in their ovaries 5 days after emergence, and ovarian development suppression may not occur on all the workers in the queenless group. The experiments were terminated when the workers were six days old. Workers that died before the end of the experiment (two for Treatment 1, in two different replicates, one for Treatment 2, and one for treatment 3) were not used for data analysis. The workers were sacrificed by freezing them at -18°C and their ovaries were dissected afterwards in a bumblebee saline solution (Huang et al., 1991; Bloch et al., 1996) . The length of the terminal oocyte in each ovariole was measured with an ocular ruler under a dissecting microscope (X6.3-X40).
The length of the largest of the eight terminal oocytes was used as the ovarian development measurement for each individual.
Data analysis
Ovarian development measurements were grouped into the following six categories, based on the classification of Duchateau and Velthuis (1989) For every replication within each treatment, data were grouped according to the stage of ovarian development, separating individuals with ovaries in stages 0, I, and II (group "<= II") from individuals with ovaries in stages III, III+, and IV (group "> II"), and the proportion "workers in group <=II / total number of workers in replication" was calculated. Group "<=II" was considered to be the condition occurring in the positive control group. Treatments 2 (P. vestalis females) and 3 (P. bohemicus females) were compared against the positive and the negative controls, by using MannWhitney tests.
Reproduction of Psithyrus females
Production of male and female reproductives was recorded for all P. vestalis and for one of the P. bohemicus colonies used in the experiments.
RESULTS
Ovarian development of workers under different treatments
The proportions of workers with ovarian development measurements <=II under the different treatments are presented in Figure 1 . 
Comparisons between treatments with Psithyrus females and controls
There was no statistically significant difference between the proportions of workers in group <=II in the positive control [B. terrestris queens] and in treatment 2 [P. vestalis females] (P = 0.64; two tailed Mann-Whitney U test). A statistically significant difference was found between the proportions of workers in group <=II in the negative control (workers alone) and in treatment 2 (P. vestalis females) (P = 0.04; two tailed Mann-Whitney U test).
No statistically significant difference was found between the proportions of workers in group <=II in the positive control [B. terrestris queens] and in treatment 3 [P. bohemicus females] (P = 0.17; two tailed Mann-Whitney U test). Also, there was no statistically significant difference between the proportions of workers in group <=II in the negative control (workers alone) and in treatment 3 (P. bohemicus females) (P = 0.52; two tailed Mann-Whitney U test).
Reproduction of Psithyrus females
All four P. vestalis females, as well as the only P. bohemicus observed for this trait, produced offspring. The sex ratio observed for P. vestalis females was strongly male biased, while the number of males was equal to the number of females produced by the only P. bohemicus female for which this trait was recorded (Tab. I).
DISCUSSION
The information presented here demonstrates that Psythirus females are able to effectively inhibit ovarian development in B. terrestris workers. In the case of the specific parasite, P. vestalis, ovarian suppression is not statistically different from the suppression caused by a B. terrestris queen, under the same experimental conditions.
The non-specific parasite, P. bohemicus, seems to have an effect on ovarian development of B. terrestris workers, but clear cut differences between this treatment and the negative control may be difficult to detect under the experimental design used. Due to the fact that one or a few workers in a group will develop ovaries, while the ovaries of the other workers in the group remain inactive, it is not possible to obtain negative control groups where all the workers show a uniform stage of ovarian development, which would make it possible to detect fine differences with the treatments.
Although the distribution of the proportion of "<=II" in the P. bohemicus treatment is not statistically different from either the positive or the negative control groups, all the workers in two of the six replications of this treatment had ovaries in stage II (Fig. 1) . These two replications were performed with different P. bohemicus females, and individual differences between females may account for the high variability of ovarian development inhibition found for this treatment. In agreement with the results obtained by Fisher (1983) , who worked with P. ashtoni and its specific host, B. affinis, the females of P. bohemicus in our study were able to suppress the development of ovaries in B. terrestris workers, but there were a number of workers that escaped the suppression.
Mechanisms other than pheromonal specificity of primer pheromones acting on the suppression of ovarian development of workers also contribute to determine host-parasite specificity. One of these mechanisms is the recognition by the parasite of chemical cues given off by the host's nest (Fisher, 1983a) or by the host's body (Fisher et al., 1993) .
Other factors, such as sympatry of host and parasite species, synchronism in the emergency of overwintering adults, and appropriate behavior could also be important in determining the development of social parasitism. Male-biased investment ratios have been observed in B. terrestris, although female biased investment ratios also occur (Bourke, 1997; Beekman and Stratum, 1998) . Colonies that show male-biased investment ratios, which are also protandrous and female-biased colonies, which are also protogynous, can coexist depending on the frequency of both colony types. This subject has not been studied in cuckoo bumble bees and our scarce data preclude making generalizations about the phenomenon in Psythirus.
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We would like to thank three anonymous reviewers for their comments to improve the manuscript. We also thank Gerhard Liebig for help with data analysis. Financial support for CHV was provided through a Sabbatical Scholarship from the Mexican Consejo Nacional de Ciencia y Tecnología (CoNaCyT), and by the Universidad de las Américas-Puebla. Financial support for MTA was provided by the Instituto Colombiano para el Desarrollo de la Ciencia y la Tecnología "Francisco José de Caldas" (Colciencias) and the Deutsche Akademische Austausch Dienst (DAAD), through a Short Term Research Scholarship. des ovaires dévelop-pés n'était pas différent de celui du groupe sans reine. Une inhibition totale du développement ovarien n'était donc pas indispensable à la reproduction du parasite. La spécificité hôte-parasite peut aussi s'établir par des mécanismes autres qu'une spécificité phéromo-nale agissant avant que le parasite ne pénètre dans le nid de l'hôte. Elle pourrait dépendre de la capacité du parasite à reconnaître les signaux chimiques produits par son hôte ou être liée à des caractéristi-ques comportementales lors de la recherche du nid de l'hôte. La co-existence de l'hôte et du parasite, la compatibilité de la période d'émergence des adultes à la sortie de l'hivernage et un comportement adapté pourraient aussi être importants pour le développe-ment du parasitisme social. 
Résumé
Bombus terrestris
